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A Study on the Flexible Disk Deburring Process Arc Zone
Parameter Prediction Using Neural Network

Song Min Yoo*

} Abstract

Disk grinding was often applied to deburring process in order to enhance the final product quality. Inherent chamfering
capability of the flexible disk grinding process in the early stage was analyzed with respect to various process
parameters including workpiece length, wheel speed, depth of cut and feed. Initial chamfered edge defined as arc
zone was characterized with local radius of curvature. Averaged radius and arc zone ratio was well evaluated using
neural network system. Additional neural network analysis adding workpiece length showed enhance performance in
predicting arc zone ratio and curvature radius with reduced error rate. A process condition design parameter was
estimated using remaining input and output parameters with the prediction error rate lower than 2.0% depending on

the relevant input parameter combination and neural network structure composition.

A7 Neural network
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Table 1 Process condition range
w Uy doc, L
PR | (epm) | (mmisee) | (mm) | (mm)
Min | 1000.0 2.0 5.0 50.0
Range
Max | 3000.0 6.0 15.0 100.0
Increment 200.0 1.0 1.0 10.0
Variations 11 5 11 6
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Ratio of arc zone(R,,) trend (1,=5, ®=2000)
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Arc zone ratio(R,,) trand (doc,=10, ®=2000)
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Arc zone ratio, A,,
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Table 2 Neural network condition

w v, doc,
Parameter Ja
(rpm) (mm/sec) | (mm)
Min 1000.0 2.0 5.0
Range
Max 3000.0 6.0 15.0
Increment 200.0 1.0 2.0
Variations 11 5 6




Table 3 Enor rate in predicting either 2. or p Table 4 Envor rate in predicting both 7, and p
) Prediction error rate (%) Hidden layer nodes Prediction error rate(%)
Hidden layer nodes
R, p 10 39
10 43 3.6 11 38
11 4.9 39 12 3.8
12 4.6 39 13 3.7
13 49 2.6 14 3.6
14 5.1 2.8 15 34
15 5.5 3.6 16 3.0
16 5.8 3.6 17 35
17 4.0 3.0 18 3.7
18 4.7 35 19 3.7
19 4.5 32 20 39
20 3.6 35
Prediction error rate comparison
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Table 5 Neural network process condition

Table 7 Enor rate in predicting both Z, and p

w Uy, doc, L Hidden layer nodes Prediction error rate(%)
Parameter
(rpm) | (mm/sec) | (mm) (mm) 10 3.9
Min | 1000.0 2.0 5.0 50.0 11 4.1
Range :

Max | 3000.0 6.0 8.0 100.0 12 3.9
Increment 500.0 2.0 1.0 10.0 13 39
Variations 5 3 4 6 14 3.0

15 33
Table 6 Enor rate in predicting either %, or p 6 "
Prediction error rate(%
Hidden layer nodes %) 17 40
R,. p 18 33
10 4.6 24 19 3.7
11 4.6 2.9 20 3.1
12 4.1 2.5
13 4.6 22 Prediction error rate comparison (with 4 inputs)
14 39 2.2
15 45 1.9 o —_
B Rt p
16 4.8 2.2 g
17 5.1 2.6 E 4]
18 42 2.5
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a 21
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p prediction rate comparison

105
— w/o [
= with L
100 +
o)
® 95
c
.S
S 90+
kel
2
o
85 4
80 " " " " v " y " y "
0 11 12 13 14 15 16 17 18 19 20
Nodes
Fig. 14 p prediction rate comparison
R, and p prediction rate comparison
105
/o [
100 + === with L
° o R e
§ 95 4
c
9
S 90
o
<
o
85 1
80

10 11 12 13 14 15 16 17 18 19 20
Nodes

Fig. 15 R, and p prediction rate comparison

v 2upz] U BEEENAY) 2714 o0 A9k 1
Atole] Ak Holil ‘E}(Flg 12).

AE o] L& m3ste] ARl ¢
e Abgat B9l disto] 1 J
AHgHE Ao FuTche e B REW 2] o)
St d|=go] 7t 43 Ao YERth(Figs. 13, 14).
R, 2 p F/AE SA ASshe 5ol dgt b= ¢
gl 49} Fstgirh(Fig. 15).

AR 3749} 4
AR 45

5 ‘7

il

3.2.3 71 BZxA oI

;\]/\Eﬂﬁ_\,}—— aﬂ——o}% ‘%‘_PH?_] ﬂ%]%]'/\]—é%i]' %*El cl):}
93} 24RE T4E tﬂolawloWDatabase)E g
sto] o|EetaLat sk B3 JIAE AYet »w A dAE

=
S QAR T 4 itk ol SBAUS 9L 4

688

Table 8 Enror rate comparison

Prediction error rate (%)
Hidden layer nodes

L doc w Vg
10 2.4 2.4 33 4.0
11 2.6 2.4 33 3.7
12 2.5 2.0 33 42
13 2.5 2.1 33 3.8
14 2.5 22 3.4 3.7
15 2.5 22 35 3.6
16 2.7 2.5 3.1 4.0
17 2.6 1.9 3.2 3.6
18 2.5 2.1 3.0 3.8
19 2.6 2.2 3.1 3.8
20 3.0 23 3.5 4.0

L prediction rate (Reverse neural network)

Prediction error rate (%)
w

10

1 12 13 14

15 16

Nodes

A
3 docq
[
3 vix

17 18

Fig. 16 Enor rate comparison
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